An analysis is performed for the slip effects on the exact solutions of flows in a generalized Burgers fluid. The flow modelling is based upon the magnetohydrodynamic (MHD) nature of the fluid and modified Darcy law in a porous space. Two illustrative examples of oscillatory flows are considered. The results obtained are compared with several limiting cases. It has been shown here that the derived results hold for all values of frequencies including the resonant frequency.
Introduction
The study of magnetohydrodynamic flows in a rotating frame of reference has promising applications in geophysics and astrophysics. It is well known that a number of astronomical bodies (e. g. Sun, Earth, Jupiter, Pulsars, magnetic stars) posses at least surface magnetic fields. In view of these facts much attention has been given in the past to the steady/unsteady rotating flows of viscous fluids. These flows have been also investigated by using several models of nonNewtonian fluids [1 -10] . An excellent review to the rotating flows of viscous and non-Newtonian fluids is presented in the reference [11] . In continuation, Hayat et al. [12] studied the rotating flows of a generalized Burgers fluid filling the porous space. In the recent attempts, Asghar et al. [13] and Hayat and Abelman [14] analyzed the influence of slip condition on the rotating flows of viscous and third-grade (a subclass of differential type) fluids. It has been noted that no-slip condition is inadequate especially in polymer melts. Also the fluids exhibiting slip have applications in technology such as the polishing of artificial heart valves and internal cavities. There is no doubt that a huge amount of literature is available which deals with the slip effects on the flows in a non-rotating frame.
To our knowledge, no investigation is available yet in the literature to discuss the effects of slip condition on the rotating flows of rate type fluids. In view of this fact the purpose of the current attempt is to analyze the slip effects on the oscillatory flows of a gen-0932-0784 / 10 / 0500-0381 $ 06.00 c 2010 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com eralized Burgers fluid (a subclass of rate type fluids). Note that the considered fluid model is more general and the results of some other subclasses of rate type fluids, namely the Maxwell, Oldroyd-B, and Burgers, can be deduced easily from the particular cases. An incompressible, homogeneous, and electrically conducting fluid occupies the porous half space. Exact analytic solutions are obtained. Graphs are prepared to display the effects of emerging flow parameters. In addition, tables are provided to make a comparison between the various fluid models.
Development of the Governing Equation
Let us consider the flow of an incompressible and electrically conducting generalized Burgers fluid occupying a semi-infinite porous space. The Cartesian coordinates are chosen in such a way that both fluid (z > 0) and rigid plate (at z = 0) possess rigid body rotation with uniform angular velocity Ω Ω Ω about the zaxis (taken normal to the plate). The fluid is electrically conducting in the presence of a transverse applied magnetic field B 0 in the z-direction. The induced magnetic field is neglected. Letting the velocity be V = (u(z,t)v(z,t), 0) and the stress field S = S(z,t) then the continuity equation is satisfied identically and the equation of motion in a rotating system with porous space yields
where u and v are the velocity components parallel to x and y-axes, respectively, ρ is the fluid density, σ the electrical conductivity, R 1 and R 2 the components of the Darcy resistance R,p (= p − 1 2 Ω 2 (x 2 + y 2 )) the modified pressure. The extra stress components S xz and S yz satisfy [12] 
in which µ is the dynamic viscosity, λ i (i = 1 -4) are the material constants in a generalized Burgers fluid, and the Darcy resistance satisfies [12] 
where φ and k 1 are the porosity and the permeability of the porous space, respectively. In absence of a pressure gradient one can easily write (1) -(6) as
where
Flow Caused by General Periodic Oscillation
This section deals with the oscillatory flow caused by general periodic oscillations of a plate with slip conditions in terms of shear stress. Some results corresponding to special oscillations are also obtained. For the mathematical problem here we use (7) and the following boundary conditions:
in which γ is a slip parameter, n = 2π/T 0 (T 0 being the time period) is the oscillating frequency imposed, and {a k } are the Fourier series coefficients defined by
Setting
and omitting the asterisks, we obtain
The above problem can be solved by the Fourier transform pair defined bȳ
and using (15) and (16), one can write
in which ξ k and η k are real and positive. It is interesting to point out that (18) describes the flow induced by a general periodic oscillations of a plate. The special flows due to oscillations e int , cosnt, sinnt,
, and
Flow Due to Elliptic Harmonic Oscillations
In this section the flow is generated by elliptic harmonic oscillations of a plate. There is no disturbance in the flow far away from the plate. The resulting flow problem is governed by (7), (10) , and the following slip boundary condition:
We search a solution of the form
where a = a 1 + ia 2 and b = b 1 + ib 2 . Inserting (29) into (7), (10) , and (28) and then solving the resulting systems of F 1 and F 2 , we get the following expression for n < 2Ω:
For n > 2Ω we have
The solution for n = 2Ω is
In the above solutions
Results and Discussion
In this section our main emphasis is to discuss the influence of a slip parameter on the real and imaginary parts of the velocity. The effects have been investigated for six different fluids, namely the generalized Burgers, Burgers, Oldroyd-B, Maxwell, secondgrade, and viscous fluids. The physical problems of the oscillatory flow due to general periodic oscillations and elliptic harmonic oscillations (for n < 2Ω, n > 2Ω, and n = 2Ω) are analyzed. To see the influence of the slip parameter on the velocity components Figures 1 -12 have been displayed. In all these figures Panel (a) corresponds to the real component of the velocity and Panel (b) corresponds to the imaginary part of the velocity. In all these graphs the values of the parameters M and K are fixed. Moreover, the oscillating frequency is fixed.
In Figures 1 -6 , the graphs for the oscillation of type cos nt are considered. The velocity u decreases by an Here we are including the Figures 7 -12 to see the influence of the slip parameter for elliptic harmonic oscillation when n = 2Ω. However, the results are similar for n < 2Ω and n > 2Ω in a qualitative sense. In view of that we are excluding the figures for n < 2Ω and n > 2Ω. In all these cases the variation in the velocity is of order 10 −1 , therefore, one can not easily observe the variation through graphs. Due to this fact the velocity has been tabulated for z = 0.5. It is noted from Table 1 that the magnitudes of u and v are large for the small slip parameter. Furthermore, the magnitude of u is large in comparison to the magnitude of v in both no-slip and slip conditions. The comparison of Tables 1 -4 reveals that the velocity in an elliptic harmonic oscillation is much larger than the velocity in the case of cos nt. Table 2 shows that the velocity u in an Oldroyd-B fluid is less than in the Maxwell fluid in both slip and no-slip condition cases. Table 2 depicts that u in a generalized Burgers fluid is greater than in a Burgers fluid. This table also witnesses that u and v in a second-grade fluid show larger values in comparison to the viscous fluid. In presence of slip condition u in the Maxwell and Oldroyd-B fluids is much larger than v for n < 2Ω, n > 2Ω, and n = 2Ω (Tables 2 -4 ).
Concluding Remarks
In this article a mathematical analysis has been carried out for two flow problems in a generalized Burgers fluid occupying a porous half space. The computations has been performed in the presence of slip condition. To the best of our knowledge such condition in the case of rate type fluid models has been introduced for the first time in literature. Closed form solutions have been derived for the two oscillatory flows. It is noticed that the derived results are valid for all values of the frequencies including the resonant frequency. The effect of the slip parameter on the velocity is sketched and analyzed. A comparison between the velocities of several fluid models is also included.
